Short forms of the Wisconsin Card Sorting Test (WCST) have been developed and studied in adult populations, however studies addressing their use in children are lacking. This study compared the full WCST to two short forms in a sample of 174 school-age children who were referred for neuropsychological evaluation. Multiple regression was used to predict standard scores (SSs) on the full WCST. Percent scores were obtained, and normative data from the WCST manual was then used to obtain SSs. We found that scores from the short forms were significantly correlated with corresponding scores on the full WCST, however a high proportion of children obtained short form SSs, which differed significantly from the SSs obtained on the full WCST. It is recommended that clinicians use the full WCST with children, unless at least four categories are reached in the first deck. D
Introduction
The Wisconsin Card Sorting Test (WCST; Heaton, 1981; Heaton, Chelune, Talley, Kay, & Curtiss, 1993) has become a widely used measure of abstract reasoning and mental flexibility. However, it can take a long time for some patients to complete the full, 128-card version of the test. Consequently, there has been growing attention to the use of short forms. Two short forms have been described in which standard WCST administration procedures are followed, however the discontinuation criteria have been modified (Robinson, Kester, Saykin, Kaplan, & Gur, 1991) . The WCST-64 involves administration of only the first deck of 64 cards, while the WCST-3 involves discontinuation after the first three categories have been achieved.
Previous research with adult samples has been generally supportive of the WCST-64 (Axelrod, Henry, & Woodard, 1992; Robinson et al., 1991) , with less favorable results for the WCST-3 (Robinson et al., 1991) . Smith-Seemiller, Franzen, & Bowers (1997) found both the WCST-64 and WCST-3 to be similarly accurate in predicting impairment on the full WCST in a clinical sample; however, it was noted that older patients were often inaccurately classified as impaired on the short forms, especially the WCST-3. This was attributed to a lack of normative data for the short forms. While normative data are available for the WCST-64 (Axelrod, Jiron, & Henry, 1993; Haaland, Vranes, Goodwin, & Garry, 1987; Robinson et al., 1991) and, to a lesser extent, the WCST-3 (Robinson et al., 1991) normative data, which accounts for variability in age and education are needed.
One approach to addressing the lack of normative data for short forms is to obtain a percentage score, which can then be converted to a standard score (SS) using the normative data available in the most recent edition of the WCST manual (Heaton et al., 1993) . The manual provides SSs, which are statistically adjusted for age and education for the traditional indices (e.g. total number of errors, perseverative responses), as well as percentage scores. For example, SSs are available for the percent of errors (obtained by dividing the total number of errors by the number of trials). Similarly, SSs are available for the percent of perseverative responses and percent perseverative errors. Axelrod, Paolo, & Abraham (1997) obtained percent scores for the WCST-64, and converted them to SSs using the normative data in the WCST manual. They found that the SSs from the WCST-64 percent scores were not comparable to those obtained with the full WCST, and recommended caution in applying WCST manual data to the WCST-64.
As described above, a body of literature has been developed on the use of short forms of the WCST with adults. The most recent manual for the WCST also provides normative data for children beginning at the age of 6 and 1/2 years. However, research on the use of short forms with children has been lacking. We were able to find only one study which addressed the use of short forms in children. Sillanpaa et al. (1993) compared the WCST-64 with the full WCST in a sample of children and adolescents using Kendall's Tau rank-ordered correlations, as well as t-tests. They found a mixed pattern of results, and recommended that further validation of the WCST-64 would be needed before it could be used with children and adolescents.
The purpose of the current study was to compare two WCST short forms (the WCST-64 and WCST-3) to the full WCST in a clinical sample of school age children (ages 7 to 17) who were referred for neuropsychological evaluation. Short forms were compared to the full WCST using some of the standard procedures which have been utilized in prior research (i.e. use of Kendall's Tau rank-ordered correlations). While similarity in scores between the short forms and full WCST provides useful information, a more pertinent issue for clinical neuropsychologists is whether scores obtained from short forms can be interpreted in a manner similar to those obtained on the full WCST. Smith-Seemiller et al. (1997) investigated the accuracy of short forms in predicting impairment on the full WCST using normative data from prior studies. However, there are no normative data available for the short forms in children. Thus, we decided to compare two different strategies for utilizing the normative data of the full WCST. Percentage scores were obtained, and WCST manual normative data was used to obtain SSs (this procedure is analogous to that used by Axelrod et al., 1997) . The second procedure involved development of regression formulas for predicting performance on the full WCST using the raw scores from the short forms as well as age. The accuracy of these short form SSs in predicting performance on the full WCST was investigated.
Method

Subjects
The sample included 174 children and adolescents who had been referred for neuropsychological testing. Participants were obtained from the authors' outpatient practices, as well as the neuropsychology department of a tertiary care urban hospital. Participants ranged in age from 7 to 17 (M = 12.8 years, SD = 2.6). The sample was predominantly Caucasian (89%), and disproportionately male (68%). Approximately 26% of the sample was referred for assessment of externalizing disorders, including ADHD. An additional 15% experienced primarily internalizing disorders such as depression, while 6% experienced a combination of internalizing and externalizing disorders. Thirty percent of the participants were referred for evaluation of disorders which were classified as primarily medical, and most of these (77%) had experienced closed head injury. Ten percent were referred for suspected learning disabilities or developmental delays. The remainder of the sample experienced other psychiatric problems, or had multiple diagnoses. A subset of 104 children was administered the Wechsler Intelligence Scale for Children-III. The mean Full Scale IQ for the sample was 95.4 (SD = 17.3).
Procedure
This is an archival study, in which we included all pediatric patients who completed the full WCST. In the majority of cases, the WCST was administered by an examiner, and then scored using the computerized scoring program offered by Psychological Assessment Resources. This scoring program provides a printout which includes SSs for a number of test indices, statistically adjusted for age. The printout also includes a summary of all responses made, with individual scoring (i.e. number of errors, and perseverations) for each response. This printout was used to obtain scores for the WCST-64 and WCST-3. The following test indices were obtained: total errors, percentage of errors, perseverative responses, percentage of perseverative responses, perseverative errors, percentage of perseverative errors, failures to maintain set and categories achieved. Table 1 presents selected scores from the full WCST and both short forms, broken down into four age groups.
Results
Preliminary comparison between short forms and full WCST
In comparing the scores obtained from the two short forms, we decided to follow Axelrod et al.'s (1992) procedure by using Kendall's Tau rank ordered correlations to compare the short forms' ability to rank patients relative to the full WCST. As Axelrod et al. noted, this analysis is more appropriate than the Pearson product-moment correlation, which might yield spuriously high correlations due to the shared variance between short and long forms. Table 2 presents Kendall's Tau rank order correlations examining the relationship between the full WCST and the two short forms for the following variables: total number of errors, perseverative responses, perseverative errors, nonperseverative errors, and failures to maintain set. As can be seen, all correlations are significant, and appear to be comparable for the two short forms.
Analyses of percentage scores
Percentage scores were obtained for both short forms. The total number of errors, perseverative responses, and perseverative errors was divided by the total number of trials administered for the WCST-64 and WCST-3. These percentage scores were then converted to SSs using the normative data for the full WCST included in the most recent manual (Heaton et al., 1993) . After SSs were obtained for both short forms, difference scores were computed between SSs for the full WCST and short forms. In order to classify the accuracy of the short forms, we decided to use the Standard Errors of Measurement (SEM), which are provided in the WCST manual (Table 4 , p. 41). If the short form SS differed by an amount equal to or greater than the SEM for the relevant variable, that score was classified as inaccurate. Two types of inaccuracies were identified: those in which the short form SS was lower than the actual SS, and may lead to an inaccurate classification as impaired (for the sake of simplicity, we will refer to these as false positives), and those in which the SS from the short form was higher than the actual SS, and may lead to an inaccurate classification as intact (we will refer to these as false negatives).
In order to compare short form SSs to those obtained on the full WCST, two procedures were used. To compare indices derived from the short forms to the corresponding SS from the full WCST, t-tests for dependent samples were used. The percentage of false positive and false negative classifications (as described above) was also computed. Table 3 presents results of analyses comparing the short forms to the full WCST in terms of the percent scores for total errors, perseverative responses, and perseverative errors. As can be seen, the mean SSs for the full WCST and the WCST-64 did not differ significantly from each other; however, the WCST-3 yielded significantly different SSs for all three test indices. The last two columns of Table 3 present the number and percentage of participants who were classified as false positive or false negative using the criteria described above. As can be seen, both short forms did yield a significant number of classification errors, in particular a high number of false negatives. This was especially the case for the WCST-3. Thus, use of the WCST-3 to obtain percent scores may result in a significant percentage of youngsters being mistakenly judged as intact on the WCST if the normative data from the manual are used. While the WCST-64 fared better, use of the percent scores from this form yielded incorrect classifications in 11±25% of the youngsters, depending on the score used. 
Results of regression analyses
Six separate regression equations were developed, using stepwise multiple regression. For each short form, regression analyses were performed to predict the SS for number of errors, perseverative responses, and perseverative errors. In each analysis, the independent variables included the relevant raw score from the short form and age, with the dependent variable being the corresponding SS for the full WCST. For example, age and number of errors on the WCST-64 were independent variables in one regression analysis, in which the SS for number of errors on the full WCST was the dependent variable.
Following a procedure described in Pedhazur (1982) , outliers (cases in which standardized residuals were greater than 2) were omitted and the analyses were repeated. The resulting regression equations were used to obtain predicted SSs in the entire sample. The obtained regression analyses are presented in Table 4 , together with the Standard Error of Estimate and Multiple R 2 . Difference scores were obtained between predicted and actual SSs. SSs were then classified as false positive or false negative using the same procedure used with the percentile scores, as described above. To compare predicted SSs derived from the short forms to the corresponding SS from the full WCST, t-tests for dependent samples were used. The percentage of false positive and false negative classifications was also computed. Table 5 presents results of analyses comparing the short forms to the full WCST in terms of the SSs for total errors, perseverative responses, and perseverative errors. As can be seen, the mean SSs for the full WCST were very similar to the predicted SSs derived from the short As described in the text, cutoff scores for classifying SSs as differing significantly from each other were obtained from the WCST manual. Cutoff scores are as follows: percent errors = 9; percent perseverative responses = 12; and percent perseverative errors = 12.
forms. However, there were a significant number of classification errors, for both the WCST-64 and the WCST-3. The percentage of accurate classifications for predicted SSs ranged from 52% to 63%.
Post-hoc analyses
As post-hoc analyses, we sought to investigate the characteristics of those participants who had been inaccurately classified by the short forms. We classified participants as``false positives'' for the total number of errors if they had been classified as false positive for any of the following measures: percent errors on the WCST-64, percent errors on the WCST-3, Table 4 Regression analyses for predicting standard scores on the full WCST from the WCST short forms As described in the text, cutoff scores for classifying SSs as differing significantly from each other were obtained from the WCST manual. Cutoff scores are as follows: total errors = 8; perseverative responses = 10; and perseverative errors = 10. predicted number of errors (from regression analyses) on the WCST-64 or predicted number of errors on the WCST-3. Participants were classified as``false negative'' if they had been classified as false negative for any one of these four indices. Using this strategy, 54 subjects were classified as false positive, 63 as false negative, 47 as accurate prediction, and 10 with mixed results. An analogous procedure was used to classify participants for perseverative responses (i.e. they were classified as false positive or false negative according to whether they had been classified in like manner for any of the following variables: percent perseverative responses on the WCST-64 and WCST-3, and predicted SS for perseverative responses on the WCST-64 and WCST-3). For perseverative responses, there were 52 false positives, 56 false negatives, 63 accurately classified and three with mixed results.
Analysis of variance (ANOVA) was performed to determine whether there were any age differences between patients classified as false positive vs. false negative. Age was not a significant factor in accounting for classification errors for the number of errors on the WCST (F = 0.3, p = 0.8). Gender was not related to classification status for total number of errors either (c 2 = 2.7, p = 0.9). Similarly, ANOVA revealed no differences in age between patients classified as false positive for perseverative responses and those classified as false negative on the same measure (F = 0.5, p = 0.6). Gender was not related to classification status either (c 2 = 3.9, p = 0.8). Diagnostic category was investigated by assigning subjects to broad categories (externalizing disorder, internalizing disorder, combination, medical disorder, learning difficulty, other psychiatric disorder, and other combination of diagnoses). These analyses did not reveal any impact of diagnostic category on whether subjects were classified as false positive or false negative. However, it should be noted that the number of subjects per cell was small, and the variability in diagnoses in this sample made it impossible to fully explore the potential impact of diagnosis on WCST performance.
We also decided to look at pattern of performance over the course of test administration, and how this affected the accuracy of short forms. It was noted that some participants improved over time on the WCST, as would be expected in a relatively intact individual who is benefiting from previous trials. Other participants made more errors over the course of test administration. We decided to calculate the number of errors as well as the number of perseverative responses made in the first vs. the second half of the test for each subject. The number of trials completed by each subject was available, and we used this to divide the test protocol into halves (for those with an odd number of trials, the middle trial was omitted). The number of errors and perseverative responses for the first and second half of the test was calculated for each subject.
It was expected that those participants who improved over trials would be at risk of receiving worse scores on the short forms than the full WCST, and that the opposite pattern would be found in those who made more errors over the course of testing. To test this hypothesis, t-tests for dependent samples were used, and results are presented in Table 6 . As can be seen, those patients who had been classified as false positive (receiving scores on the short forms that were lower than would be expected on the basis of their performance for the full WCST) demonstrated a pattern of improvement over the course of test administration. The opposite pattern was noted for patients classified as false negative (receiving scores on the short forms that were higher than expected from their performance on the full WCST), who demonstrated a worsening of performance over time.
We also sought to determine under what conditions the use of WCST normative data may be appropriate with children. Axelrod et al. (1997) , for example, found that the WCST-64 was useful in patients who completed five or more categories by the end of the first deck. We broke down the number of classification errors according to number of categories achieved on the WCST-64, and found that percent scores could be used to obtain SSs with no classification errors in children who completed five categories by the end of the first deck (this comprised 11% of our sample). For children who completed four categories (22% of our sample), 92% were accurately classified by percent perseverative response and percent perseverative error scores, and 85% were accurately classified by percent total errors. The rate of accurate classification ranged from 79% to 91% for those who completed three categories, with percent perseverative responses providing the most accurate classification.
Discussion
One of the goals of our study was to replicate previous research in the adult literature with a sample of children. Similar to research in the adult literature, we found strong correlations between the full WCST and both the WCST-64 and WCST-3. This was noted in the Kendall's Tau Rank Order correlations, as well as in t-tests comparing SSs from the full WCST with SSs from the short forms derived using two strategies: percent scores and multiple regression. With the exception of the percent scores derived from the WCST-3, the mean SSs from the short forms did not differ significantly from those obtained on the full WCST.
However, the short forms fared less well when evaluated in terms of the percentage of patients who obtained short form SSs, which differed significantly from those obtained on the full WCST. For percent scores, the WCST-3 fared especially poorly. In addition to yielding mean SSs which were significantly higher than the corresponding indices from the WCST, a large percentage of patients were classified inaccurately. Specifically, percent scores from the WCST-3 yielded SSs which were significantly higher than those observed on the full WCST. Thus, using percent scores from the WCST-3 with the WCST manual's normative data would likely lead to a high number of false negatives: patients classified as intact who do in fact have impairment. The WCST-64 did not show as clear a pattern of misclassification (i.e. a clear trend for false negatives across multiple indices), however, the overall rate of correct classifications was fairly similar for the two short forms. The regression equations yielded mean predicted SSs which were very similar to those obtained with the full WCST. However, once again, while comparisons of mean performances would tend to suggest great similarity between the short and long forms, on an individual level many patients received predicted SSs which differed by one SEM or more from the corresponding SS on the full WCST. The regression equations yielded a higher number of inaccurate classifications than the percent scores.
For the neuropsychologist evaluating children, it appears that there may be some situations in which it would be appropriate to discontinue administration of the WCST after the first deck, and use the normative data for the percent scores. For those children who complete at least four categories in the first deck, the normative data for percent errors, perseverative responses and perseverative errors should be fairly accurate. It would appear acceptable to use the WCST-64 in these cases, and use percent scores to obtain SSs. However, the potential benefits of using short forms with these children needs to be balanced against the actual time savings that would be achieved for this subgroup. In our sample, the mean number of trials needed to complete the full WCST was 83 (SD = 12.1) for those children who completed at least four categories in the first deck, and only two of these 59 children required more than 100 trials. Thus, there may be little time actually saved in using the WCST-64 in these cases.
One reason for the failures of the short forms is that they are unable to account for patterns of performance that emerge in the course of completing the full WCST. While some patients improve over the course of the task, other patients make more errors or perseverative responses over the course of testing. This has been observed before and is the impetus behind including a Learning to Learn score in the most recent WCST manual. Thus, those patients who tend to improve over the course of testing will receive short form scores which provide an underestimate of their ability, while patients who tend to decompensate over the course of testing will receive short form scores which fail to identify impairment. Given that this sample of children was fairly high functioning (as indicated by the fact that the WCST SSs were in the average range), it is thought that the rate of false negatives may be even more problematic in a more impaired clinical group.
The problems described here do not necessarily imply that the short forms of the WCST have no potential utility with children. However, it does appear inappropriate to use the normative data from the WCST in interpreting scores from the short forms, with the exception of those children who perform fairly well in the first deck, completing four or more categories. Use of the WCST short forms will require the development of separate normative data. Unfortunately, there is a lack of normative data for the short forms with children, and this is an area that needs to be addressed.
Some limitations of our study should be noted. Our sample included a wide range of diagnoses, and, consequently, we could not adequately address the issue of whether or not certain diagnostic groups (e.g. ADHD) may be more vulnerable to the problems we are describing with short forms of the WCST.
In summary, while short forms of the WCST, particularly the WCST-64, have promise for use with pediatric samples, the lack of normative data limits their utility with children and adolescents. Caution is advised in adapting normative data from the full WCST for use with the short forms, because short forms cannot account for differences in how a patient functions over the course of testing, and these different patterns of performance will affect scores on the full WCST. Also, there is a need to compare short forms to independent criteria of cerebral dysfunction, as well as to functional abilities (e.g. school performance, functional problem solving).
